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The passive membrane properties of neurons in the gustatory zone of the nucleus tractus solitarius (NTS) of rats were studied using an in 
vitro brain slice preparation. Examination of responses evoked by a 0.5 nA, 100 ms depolarizing pulse suggests that at least two different types 
of neurons exist in the gustatory NTS: one responding with a low and the other with a high frequency of action potentials. These two neuron 
groups based on membrane properties might relate to various gustatory cell types recently categorized by morphological characteristics. 
Gustatory and visceral afferent fibers of the chorda 
tympani,  glossopharyngeal and vagus nerves terminate 
on second order  neurons in the nucleus tractus solitarius 
(NTS). Gustatory fibers project to the rostral NTS and 
visceral afferent fibers terminate more caudally 15'24 
While there have been numerous in vivo and in vitro 
intracellular recordings from caudal NTS neurons 3'6 
8,10,19,20, comparable data are not available for neurons in 
the rostral, gustatory NTS. We now report  intracellular 
recordings from neurons in the gustatory zone of  the NTS 
using an in vitro slice preparation of  the rat medulla. 
These intracellular recordings represent the first infor- 
mation concerning the intrinsic membrane properties of 
neurons in the gustatory zone of  the NTS. 
Brainstem slices incorporating the rostral gustatory 
NTS were obtained from rats weighing 90-130 g. Rats 
were decapitated and the brain was quickly removed and 
cooled. A block of tissue extending from 8 mm rostral 
and 2 mm caudal to obex was prepared and cemented to 
a precooled sectioning stage. Coronal slices 400 ktm thick 
were then cut on a Vibratome. Slices containing the 
gustatory portion of the NTS (1.6-3.0 mm rostrai to 
obex) were selected for recording. These slices included 
the principal termination zones of gustatory afferent 
fibers from the entire oral cavity. After incubation in 
oxygenated,  artificial cerebrospinal fluid is for one hour, 
individual slices were transferred to the recording cham- 
ber 14. Slices were maintained at 33 °C and continuously 
superfused with artificial cerebrospinal fluid at a constant 
rate of  2 ml/min. 
The NTS was easily identified through a dissecting 
microscope in sections in the slice chamber  translumina- 
ted from below (Fig. 1A). Intracellular recordings were 
made using microelectrodes filled with 3 M K-acetate 
(DC resistance of 70-120 Mg2) connected to bridge 
amplifier which allowed current injection through the 
recording electrode. Cells included in this study exhibited 
stable resting membrane  potentials more negative than 
-40 mV, a spike overshoot,  and input resistances greater 
than 20 M,Q. 
We recorded intracellularly from 29 neurons located 
throughout the gustatory NTS. The majority of cells were 
situated medial to the descending vestibular fibers which 
course through the rostral portion of the NTS (Fig. 1). 
Rostral NTS neurons had resting membrane  potentials 
between -40  and -70  mV (g = -52  _+ 1.4 mV, S.E~M.). 
Input resistances, determined from responses to short 
hyperpolarizing current injections (Figs. 2B, 3B), varied 
between 21 and 101 MI2 (~ = 55.9 + 4.6 MI2). The mean 
membrane time constant was 4.6 + 0.4 ms. Action 
potential amplitude ranged from 50 to 90 mV (~, = 67 _+_ 
2 mV) with a mean duration of 2 + 0.1 ms. 
Only 17% of rostral NTS neurons produced sponta- 
neously occurring action potentials (~ = 0.6 + 0.3 
impulses/s). In spontaneously active cells the discharges 
occurred singly, were non-rhythmic,  and in some cases 
appeared to arise from spontaneously occurring excit- 
atory postsynaptic potentials. The majority of  neurons 
(23/29) exhibited a prominent  afterhyperpolarization (~ 
= 8.8 + 0.7 mV) following spontaneous or evoked action 
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potent ia ls  (Figs. 2A and 3A).  The mean durat ion of the 
a f te rhyperpolar iza t ion  was 37.2 ms +_+_ 8.9 ms. 
Based  on the response to injection of a 0.5 nA,  100 ms 
depolar iz ing pulse,  we were able to separate  the neurons 
into two groups.  The  major i ty  of neurons tested in this 
way (17/25) r esponded  with a small burst  of 1-4 action 
potent ia ls  (~ -- 2.6 + 0.3) (Fig. 2). These group I neurons 
general ly exhibi ted increasing interspike intervals be- 
tween successive action potent ia ls  (Fig. 2A),  a small 
increase in the number  of action potent ials  to increasing 
intensi t ies  of short  depolar iz ing pulses (Fig. 2B), and 
only occasional ly had an anodic b reak  spike following 
injections of hyperpolar iz ing pulses. Twelve of the group 
I neurons  responded  with more  than one action potent ial  
and these had a mean ins tantaneous frequency of 70.8 _+ 
8.9 impulses/s,  calculated from the interspike interval 
be tween  the first and second action potentials .  
The responses of the remaining,  group II,  NTS 
neurons  to a 0.5 nA,  100 ms depolar iz ing pulse varied 
be tween 6 and 13 impulses (~ = 9.1 + 0.7) (Fig. 3). These 
neurons  general ly  exhibi ted only a small increase in the 
interspike interval between successive spikes. Accommo-  
dat ion in spike ampl i tude  over the course of the burst  was 
f requent ly  observed (Fig. 3A).  In addi t ion they had 
ins tantaneous  frequencies as high as 213 impulses/s (~ = 
128 + 13.8), and differed from group I neurons in that  
anodic break  spikes were frequent ly  observed following 
inject ions of hyperpolar iz ing current  (Fig. 3B). Like 
group I neurons ,  group II neurons responded  with an 
increased number  of spikes to increments  in depolar iz ing 
current.  Both group I and lI neurons exhibi ted long- 
lasting membrane  hyperpolar iza t ions  following the elic- 
i tation of a burst  of action potent ials .  This postburst  
a f te rhyperpolar iza t ion  varied from 1.6-12 mV (~ = 7 +_ 
0.7 mV) and had a mean durat ion of 770 _+ 187 ms. 
To our knowledge,  these results represent  the first 
intracel lular  recordings from second o rde r  neurons in the 
gustatory zone of the NTS. These  neurons  had passive 
membrane  proper t ies  similar to those repor ted  for cells in 
the caudal NTS and in o ther  brain regions 3"6,7"9'n~'lT"zn. 
Examinat ion  of responses evoked  by a 0.5 nA,  100 ms 
depolar iz ing pulse suggests that at least two different 
types of neurons exist in the gustatory NTS: one 
responding with a low and the other  with a high 
frequency of action potent ials .  
In slice prepara t ions  of the more  caudal non-gustatory 
NTS 3 different  neuron types have been descr ibed using 
combined  electrophysiological  and morphological  cri- 
ter ia  ~. The passive membrane  proper t ies  of neurons in 
the gustatory NTS descr ibed in the present  study were 
most similar to neurons classified as Type lII  neurons in 
the non-gusta tory NTS. 
A no the r  similar characteris t ic  between neurons in the 
gustatory and non-gusta tory  NTS, as well as o ther  brain 
areas,  was the a f te rhyperpolar iza t ion  which followed 
individual action potent ials  and the burst  of action 
potent ials  p roduced  by a depolar iz ing current.  The 
hyperpolar iz ing af terpotent ia ls  were especially pro- 
nounced after a burst  of action potent ia ls  and probably  
result from calcium-act ivated potass ium conductances ,  an 
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Fig. 1. A: photomicrograph showing one half of a coronal, 400-/~m-thick, rat brainstem slice containing the gustatory NTS. This ~.lice was located 
about 2.2 mm rostral to obex. Because of its translucence, the rostral NTS (outlined by the arrowheads) is easily visualized when the slice 
is illuminated from below. B: schematic drawing of the rat brainstem at approx, the same level as in A. Locations of intracellularly characterized 
neurons are indicated by the filled circles. Although neurons were recorded throughout the facial and glossopharyngeal nerve termination zones 




" . ._-2" 
20 mV 
[1 nA 
20 m s  
Fig. 2. Responses of a Type I neuron to depolarizing and 
hyperpolarizing current pulses. A: response to a 0.5 nA, 100 ms 
depolarizing current pulse. Type I neurons responded with 1-4 
action potentials to the depolarizing pulse. Note that each action 
potential is followed by a prominent afterhyperpolarization. B: 
response of the same neuron to 50 ms hyperpolarizing and 
depolarizing pulses. Injections of increasing intensities of depola- 
rizing current resulted in an increasing number of action potentials. 
The location of this neuron is shown in the schematic drawing at the 
upper right of the figure, denoted by a star on the left side of the 
NTS. The calibration bar at the lower right applies to both A and B. 
important  mechanism for intrinsic control of cell firing 1' 
1 3 . 2 7  
One difference between gustatory NTS neurons and 
neurons  located more caudally in the NTS is reflected in 
the amount  and nature of spontaneous activity. Neurons 
in the gustatory NTS had little or no spontaneous activity 
and repetitive patterns of spontaneous activity were 
never observed. In contrast, neurons in the non-gustatory 
NTS are often spontaneously active and a number  of 
neurons have repetitive activity 2'3"6's'2°. 
The separation of neuron types based on biophysical 
measurements  complements  other studies demonstrat ing 
different neuronal  populations in the gustatory NTS. 
Recent  morphological studies of the rostral NTS in the 
hamster have described several neuron types 4'5"26. Fur- 
thermore,  two distinct projection patterns have been 
described from second order NTS neurons z1'22'25. One set 
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Fig. 3. Responses of a Type II neuron to depolarizing and 
hyperpolarizing current pulses. A: response to a 0.5 nA, 100 ms 
depolarizing current pulse. Type II neurons responded with a larger 
number of action potentials to the depolarizing pulse than Type I 
neurons (Fig. 2A). Note also that some reduction occurs in the 
action potential amplitude during the burst. B: response of the same 
neuron to different levels of current injection. Note that each 
hyperpolarizing pulse initiated an anodic break spike. Anodic-break 
spikes occurred more often in Type II than Type I neurons. The 
location of this neuron in the NTS is shown in the schematic drawing 
in the upper right corner, denoted by a star on the left side of the 
NTS. 
of efferent fibers projects rostrally through the medulla 
to the pons. and terminates in the pont ine taste area 
(PTA). On the basis of differences in response latencies 
to antidromic activation of these rostrally projecting NTS 
neurons,  two subsets of projection neurons can be 
defined 23. The other set of  rostral NTS efferents consists 
of fibers projecting caudally within the medulla and into 
the spinal cord, terminat ing primarily in caudal NTS. the 
reticular formation subjacent  to the NTS. the hypoglossal 
nucleus, and the reticular formation lateral to the 
hypoglossal nucleus 25. Recent  studies using retrograde 
transport  of H R P  have shown that the two efferent 
projection systems are anatomically segregated within the 
NTS. The cell bodies of the rostrally-projecting neurons 
are located dorsolaterally in the nucleus and the caudally- 
projecting neurons  are located ventrally 25. 
At present there is no direct information on the 
gustatory function of these neuron  types and associated 
ascending systems. Experiments  with decerebrate rats, in 
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which  only the  b ra in s t em p ro j ec t ions  f rom rostral  N T S  
r e m a i n  in tact ,  have  shown that  r a ther  c o m p l e x  behav io ra l  
r e sponses  to taste s t imuli  can be  c o o r d i n a t e d  with  
b ra in s t em circui t ry  H. D i s rup t i on  of  the  ascending  taste 
pa thway ,  on the  o t h e r  hand ,  at the level  of  the  P T A  or  
b e y o n d ,  in te r fe res  wi th  taste avers ion  learn ing  behav-  
ior  12. 
In conc lus ion ,  despi te  p rogress  in unde r s t and ing  the  
m o r p h o l o g y  and p ro j ec t ions  of  the  N T S ,  li t t le is k n o w n  
rega rd ing  the poss ible  func t iona l  s ignif icance of  the 
d i f fe ren t  n e u r o n a l  types.  In add i t ion  the re  is l i t t le 
unde r s t and ing  of  the  synapt ic  p rope r t i e s  of  the  neurons .  
T h e  d e v e l o p m e n t  of  an in v i t ro  b ra in  slice p r e p a r a t i o n  to 
s tudy the  gus ta to ry  N T S  should  con t r i bu t e  to acquis i t ion  
of  this missing i n f o r m a t i o n  and e n h a n c e  unde r s t and ing  of  
the  role  of  the  N T S  in p rocess ing  gus ta to ry  in fo rma t ion .  
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